INTRODUCTION
The genus Leuconostoc comprises a collection of catalase-negative, gas-forming, non-motile spherical (but often lenticular) shaped bacteria [1] . The intra-and inter-generic relationships of Leuconostoc species have always been equivocal. Leuconostocs can be readily separated from streptococci by their ability to produce gas from glucose. The relationship of leuconostocs to certain gas-producing heterofementative lactobacilli (e.g. Lactobacillus confuses, Lb. viridescens), has, however, long been controversial. The separation of leuconostocs from lactobacilli is based primarily on differences in morphology (leuconostocs are more coccoid than rodlike, and lactobacilli are more rodlike than coccoid). It is now generally recognized, however, that morphology is a poor indicator of relatedness and that the morphology of leuconostocs and many heterofermentative lactobacilli overlap [2] .
0378-1097/90/$03.50 © 1990 Federation of European Microbiological Societies DNA-rRNA hybridization studies by Garvie [3] have indicated that the non-acidophilic species Leu. mesenteroides (and subspecies), Le~ lactis and Le~ paramesenteroides form a natural group distinct from Lb. confusus and Lb. viridescens. These studies also demonstrated Le~ oenos was unrelated to other leuconostocs and heterofermentative lactobacilli [3] . More recent DNArRNA hybridization studies by Schillinger et al. [4] have confirmed the distinctiveness of Le~ oenos. It was also shown that Leu. paramesenteroides was more closely related to Lb. confusus and Lb. viridescens rather than to other non-acidophilic leuconostocs [4] . Full sequencing of I6 S rRNA using reverse transcriptase is now being used increasingly as an alternative to DNArRNA hybridizations and oligonucleotide cataloguing for elucidating the natural interrelationships of microorganisms [5, 6] . Complete sequence determination produces more precise data than hybridization and cataloguing procedures and provides an unequivocal means for t~et~;mL-fing phylogenetic interrelationships [7] . Therefore, in the present study the 16 S rRNA primary structures of members of the genus Leuconoswc (in. chiding the newly described species Le~ carno. sum, Le~ citreum, Le~ gelidum and Le~ pseudomesenteroides) and phenotypically similar heterofermentative lactobacilli have been determined in an attempt to clarify their inter-and intra-generic relationships.
MATERIALS AND METHODS

Cultures and cultivation
Details of the test strains examined are listed in Tables 1 and 2 . Leuconostoc oenos was grown in Acid Tomato Broth (glucose, 10 g; peptone, 10 g; yeast extract, 5 g; MgSO4" 7H20, 0.2 g; MnSO 4 • 4H20, 0.05 g; tomato juice, 100 ml; H20 , 1 litre; pH 4.8) at 22°C. LactobaciUi and the lenconostoes were cultivated in MRS broth (Oxoid) at 25 ° C. Cultures were harvested in late exponential phase by centrifugation and washed in deiouized water.
Extraction and sequence determination of RNA
Total cellular rRNA was extracted from ca. 2 g of wet cells [8] . Nucleotide sequences were determined by the didenxynuclentide method [9] using AMV reverse transcriptase. The sequences of oli8onucleotide primers and their 16 S rRNA Leu.ps. Fig. ] continued.
The sequences generated were aligned with those of some reference lactic acid bacteria ([10-13]: Collins and associates, unpublished) and homology values determined using the Beckman Microgenie program [14] . Calculation of evolutionary distance (Knuc) values [15] and generation of a phylogenetic tree [16] by the distance matrix method contained in a program written by Felsenstein [17] for the IBM PC (Philip version 3.1) followed described methods.
RESULTS AND DISCUSSION
The 16 S rRNA sequences of eight species of Leuconostoc are shown in Fig. 1 . The reverse transcriptase (RT) sequences comprised between 1479 and 1495 nucleotides representing ca. %% of the total primary sequences. The ]euconostoc sequences were aligned and percentage homologies calculated for a continuous stretch of 1493 bases (ranging from positions 7 and 1483 on the E. coli numbering 3ystem) ( Table 1) . Homologies with four phenotypicaliy similar heterofermentative lactobacilli and twenty reference strains representing nine genera ([10-13,18] and Collins and associates, unpublished) were also determined ( Table 2 ). The latter values were based on a smaller number of 1340 nucleotides (ranging from positions 107 to 1433 on the E. coil numbering system) due to incompleteness of sequence data for some of the reference species. Unrooted phyiogenetic trees constructed from calculated evolutionary distance values from the two data sets are shown in Figs. 2 and 3 . It is evident from the branching pattern of the trees (Fig. 3) Table 2 . (Fig. 3) . The Le~ paramesenteroides cluster exhibited relatively high intragroup sequence relatedness (ca. 95 to 96%). Significantly lower sequence homologies were shown with members of Leuconostoc sensu stricto (ca. 89 to 91~) ( Table 2 ). An analysis of the sequence alignments demonstrated that Leuconostoc sensu stricto and the Le~ paramesenteroides group could be readily distinguished from each other. Diagnostic bases, which serv© to distinguish these two groups from each other, are shown in Table 3 . The positions of the most important differences maintaining secondary structure base pairing are shown in Fig. 4 .
The acidophilic species Le~ oenos was found to be phylogenetically distinct from Leuconostoc sensu stricto and the Le~ paramesenteroides cluster exhibiting low degrees of sequence homology (ca. 86%) with both groups. Similarly low degrees of sequence relatedness were also found with all of the other test strains examined (Table 2 ). Leu. oenos possessed an extraordinarily long stalk, the branch length (evolutionary distance) of which was approximately equidistant to the Leuconostoc sensu stricto and Le~ paramesenteroides clusters (Fig. 3 ). An inspection of the RT data revealed that sequence of Leu. oenos was most unusual and differed from those of Leuconostoc sensu stricto, Le~ paramesenteroides group and all of the other taxa examined in a large number (ca. 30) of relatively conserved positions.
The results of the pzesent study clearly demonstrate that the genus Leuconostoc, as presently defined [1] , is phylogenetically heterogeneous. The RT sequence data show that the genus Leuconostoc should be restricted to Le~ mesenteroides (type species) and closely related species (viz: Le~ carnosum, Leu. citreum, Leu. gelidum, Le~ lactis, Le~ pseudomesenteroides ). The data further demonstrate Le~ paramesenteroides is phylogenetitally mole closely related to the heterofermentafive lactobacilfi, Lb. confusus, Lb. kandleri, Lb. minor and Lb. viridescens than Leuconostoc sensu stricto. These findings are in accordance with the recent DNA-rRNA hybridization studies of Schillinger et al. [4] . In terms of sequence relatedness (homologies and signatures) and the branching pattern of the tree l, euconostoc sensu stricto and the Left paramesenteroides group are as distinct from each other as are several other phylogenetically separate taxa (for example Staphylococcus to 
